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SUMMARY 


The David Wilson Hospital has 50 beds and provide patient care 24 hours 
a day. The solar system consists of 88 single glazed, selectively coated, 
copper base plate collector modules; hot water coils in the hot air ducts; 

A DHW preheat tank; a three thousand gallon concrete urethane -insulated 
storage tank and other miscellaneous components. The collectors are 
mounted on the roof in a sawtooth arrangement facing due south, in- 
clined at an angle of 53° from the horizontal. The collectors are elevated 
above the storage tank so that any time the collector pump cuts off, a 
vacuum relief valve opens at the top of the collectors allowing air to enter 
and the water in the collector piping automatically flows back into the 
storage tank eliminating any need for freeze protection. 

A request to the Department of Energy to enter into a cooperative agree- 
ment with the David Wilson Hospital for the development of a solar system 
at the Charlottesville facility was submitted in 1976. Approximately one 
year later, the hospital received one of ninety subsidized awards provided by 
the Federal Government during 1977. 

Initially the system was to have used two stage heat pumps (air to air or 
solar heated water to air) and was to have been an instrumented site. 
Problems developed with the heat pump making it impractical to incorpor- 
ate this approach into the solar design. As a consequence of the design 
change and other considerations such as cost, it was decided to also delete 
the instrumentation at the site. 

The installation was further plagued by the necessity to reroof after part 
of the collector support structure was installed. 

The system was completed and tested on December 8, 1979, by the con- 
tractor. The system was evaluated by MSFC personnel during the week 
of January 29, 1980. Some non-operational difficulties were noted during 
the system checkout; however, satisfactory adjustments, arrangements, 
evaluations and repairs had been accomplished at the hospital by March 
18, 1980, at which time the system was deemed acceptable to the Depart- 
ment of Energy. 
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SUMMARY OF PROJECT INFORMATION 


A. General Information 
Owner /Builder: 

David C. Wilson Neuropsychiatric 
Charlottesville, Virginia 22901 

Contractor: 

Owen and Mayes, Inc. 

Lynchburg, Virginia 24502 

Operational Date: 

March 18, 1980 

Building: 

Type - Hospital 

Area - 7, 218 sq. ft. 

Location - Charlottesville, Virginia 


B. Meteorological Data 
Latitude 38°N 

Climate Data Winter 

Average Temperature (°F) - 40° 
Average Insolation (Ly/d) - 200 
Degree Days (heating) - 4166 


Summer 

68 ° 

450 


INTRODUCTION 


David C. Wilson Neuropsychiatric Hospital is a fifty bed private psychia- 
tric facility located in Charlottesville, Virginia. In 1976 the hospital 
made application to the Department of Energy for a Solar Energy Grant 
and was the recipient of one of ninety grants awarded in the nation in 1977. 
The combined space heating and domestic hot water preheat system is 
designed to provide 67 percent of the heating requirements and supply 
71 percent of the heat for the DHW at the hospital. 

The original specifications called for 101 solar collectors with two (2) 
five and one-half ton dual source heat pumps. The designers of the system 
were unable to locate a manufacturer that could fabricate the heat pumps 
and reduced the number of collectors to eighty-eight along with the water 
storage tank from five thousand gallons to three thousand gallons. It was 
then determined that the existing roof had to completely be replaced, 
however, the solar system support structure was designed to fit very 
close to the roof and would, therefore, prohibit access to the roof once 
the solar collectors and support structures were mounted. The height 
of the needed "built up roof" had to be graded and pitched to allow proper 
drainage of water from the roof but still fit beneath the solar framing that 
was now in place. The alternate problem was to avoid penetration of the 
new roof's membrane by the solar contractors during and after the construc- 
tion of the roof. The final solution called for the simultaneous construction 
of the roof and solar project in fifteen foot sections. The work was tedious 
and the hospital experienced major leakage from the roof during the course 
of construction. 

The project was completed and tested on December 8, 1979, with final 
inspection by a team of experts from the Department of Energy during 
January, 1980. The system has been operational since December, 1979, 
and no major problems with the roof or solar system has Leen encountered. 

The hospital's experience in this matter would indicate that design features 
include an assessment of existing "oof structures with a statement from the 
architects on the impact of a Solar System on existing roof structures along 
with additional long range planning that permits repair and/or replacement 
of roofing structures. In all probability, the current Solar System will 
have to be partially or totally dismantled when the useful life of the roof 
expires in fifteen to twenty years. 
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The solar collector system is comprised of 88 single glazed* Sunworks 
'Solector' solar collectors. The collectors are mounted on the roof 
in a sawtooth arrangement facing due south inclined at an angle of 53°. 

They are arranged in 12 rows with 8 collectors in 8 rows and collectors 
in 4 rows. Each row is piped in parallel* reverse return flow. All 
rows are sloped to the center line of the roof so that they drain back to 
the storage tank when the circulation pump stops. The collectors in 
the individual rows are connected v»*ith copper pipe couplings and are 
referred to as internally manifolded solar collectors. 

The system utilizes inhibitors in the solar loop water to reduce corrosion 
problems. The domestic hot water preheating section of the system is 
protected by a double wall heat exchanger. 

The drain back feature of the solar system is accomplished in part by 
the combination air vent /vacuum breaker assembly. This component 
is shown in detail on Sheet M-2 of the system drawings. 

Flow control of solar collector circulating fluid is performed by the 
Bell & Gossett circuit setter devices. There is one circuit setter per 
row and it is located in the return pipe. The flow controller is an instru- 
ment that meters system working pressure as a function of flow in gallons 
per minute. The contractor has provided the differential pressure meter. 

In the eight 8 collector rows there will be a flow of 4 gallons per minute 
per row. The four 6 collector rows will have a flow rate of 3 gallons per 
minute each. The contractor has adjusted the circuit setters for correct 
flow, but periodic checks should be part of system maintenance procedures. 
The branch supply pipe to each solar collector row has a gate valve for 
collector row isolation. If a solar collector should have to be replaced, 
the solar system must first be in the drain-down mode. 
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Mechanic al room views showing pumps and c ontrol areas. 
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Views showing double wall heat exchanger and the DHW storage tank. 
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SYSTEM OPERATIONAL CHARACTERISTICS, TEST AND MAINTENANCE PROCEDURES 
I. SOLAR COLLECTORS 

The solar collector system is comprised of 88 single glared, SunworHs 
'Solector' solar collectors. They are arranged 12 rows with 8 collectors in 
8 rows and 6 coll?. ‘.or* In A rows. Each row Is piped In parallel, reverse 
return flow. All rows are sloped to the center line of the roof so that they 
drain hack to the storage tank when the circulation pump stops. The collectors 
In the Individual rows are connected with copper pipe couplings and are re- 
ferred to as Internally manifolded aolar collectors. 

The drain back feature of the solar system Is accomplished In part by 
the combination air vent /vacuum breaker assembly. This component Is shown 
In detail or. Sheet M-2 of the system drawings. 

Flow control of solar collector circulating fluid Is performed by the 
Bell & Gossett circuit setter devices. There is one circuit setter per row 
and It is located in the return pipe. The flow controller is an instrument 
that meters system working pressure as a function of flow in gallons per 
minute. The contractor has provided the differential pressure meter. In the 
eight 8 collector rows there will be a flow of A gallons per minute per row. 

The four 6 collector rows will have a flo% rate of 3 gallons per minute each. 

The contractor has adjusted the circuit setters for correct flow, but periodic 
chec?'.s should be part of system maintenance procedures. The branch supply 
pipe to each solar collector row has a gate valve for collector row isolation. 

If a solar collector should have to be replaced, the solar system must first 
be in drain-down mode, ''rain-down can be implemented by manually switch- 
ing the solar collector circulation pump to the ’Off' position. Allow 15 
minutes for complete drain-down. Once drain-down has been accomplished, isolate 
the collector row by closing the gate valve on the supply side and closing the 
circuit setter In the return side. When these valves are closed, the solar 
collector pump will be placed in the automatic position again. 

Collector removal begins with the sawing of the couplings that connect 
the defective collector to another. If the defective collector is on an end, 
the supply or return elbows can be un-sweated. The solar collectors have 
been piped together with 1" copper couplings that have no-stop. It is essen- 
tial to have a no-stop coupling so that when a collector Is to be Installed, 
the couplings can freely slide from side to side. When removing the defective 
solar collector, be extremely cautious of any residual water that may drain 
out of the collector. If the sun is shining, this water will be extremely 


When scheduling period maintenance chocks of the solar collectors, chock 
^ the following items for proper system operation. 

1. Inspect glazing of solar collectors for cracks. If a broken glazing 
is found* call the solar collector representative and arrange to 
have it replaced immediately. Maintenance personnel should have two 
replacement glazings in stock at all tlmea. 

2. Be absolutely certain that when all collectors arc under circulation, 
the gate valves and circuit setters arc open and/or adjusted appro- 
priately. If any water is allowed to remain in the collectors during 
freezing weather, it will freeze in the collectors and cause perma- 
nent damage to the collector components. 

3. Inspect the sensors on the solar collector stubs. They should ba 
securely fastened and insulated. One collector sensor is currently 
being used while the other Is there as a spare. Tlte splice for the 
sensor leads to the control wiring .and Is inside the junction box 
which is located where the sensors are attached'. 

4. I>fPORTANT! It is necessary to verify collector drain back every 
month. The following procedure will assure that all the water 
above the ground is draining into the storage tank when the collec- 
tors are in the drain mode. 

1. NOTE: Do not perform this test under full sunlight con- 

ditions or when the ambient air temperature is below 40*F. 

Late afternoon is a preferable time. 

2. The collector pump should not be running when this test is 
started. If the pump is running, then there is too much 
sunlight to begin the test. Wait until the collectors stop 
circulating entirely while the HOA Switch is in the AUTO 
mode. When the collectors have stopped circulating, which 
should be in the late afternoon, turn the HOA Switch to 

the OFF position. After placing the switch in the OFF posi- 
tion, note the time and observe the vacuum breaker chat is 
several inches from the discharge side flange of the pump. 

* The breaker should be down. Next, place the UOA Switch in 

the HAND position. The collector pump will start and fill 
the collector system. Allow 10 minutes for collector circulation. 
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place Che HOA switch In che OFF position. Stand in close 
proximity to the previously mentioned vacuum breaker and 
wait for 15 minutes. After 15 minutes* the vacuum breaker 
will drop. The vacuum breaker cap is removable and should 
be taken off to facilitate observation. The 15 minute 
interval indicates that the system is draining as designed. 
If the drain interval increases by 3 or 4 minutes or more* 
then pipe corrosion could be present. It is very impor- 
tant that the solar storage water be monitored for the 
proper mixture ratio of corrosion inhibitor and for proper 
ph level. These checks should oc done at least twice a 
y?ar end can be done by maintenance personnel or by a water 
treatment company. 

5. When che solar system begins to fill, the vacuum breakers will 

shut and a hissing sound can be heard from the air vent. In a few 
seconds the air vent will stop its noise. You cun observe a stream 
of water by depressing the plunger in the top of the air vent. This 
test assures that the air vent is functioning properly. 
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PUMPS 


There ere S pumps in the solar system. Thtir individual function and 
specifications are os follows: 

Solar Collector Clrculation/Pump P-3 

Bell & Cosseet 2" A 
44 CPM 0 50' TDU 1-1/2 HP 

Solar Water to Heat Exchanger/Pump P-2 

Bell & Gossett 1 M AA 
6 GPM @ 20’ TDH 1/4 HP 

Domestic Water to Heat Exchanger/Pump P-1 

Bell & Gossett 1" AA 
13 GPM @ 25' TDM 1/4 HP 

Hydronlc Coll Pump/York Unit/Pump P-4 

Goulds 3642 1" 

15 GPM @ 20' TDH 1/3 HP 

Hydronlc Coil Pump/Trane Unit/Pump P-5 

Goulds 3642 1" 

15 CPM @ 18' TDH 1/3 IIP 

All pumps have foot valves at the end of their suction lines. This is 
to assure that there will always be prime in the pumps. As added protection 
to prevent pump damage from loss of prime, all pump circulating lines in 
the mechanical room have flow switches. There are 3 flow switches and each 
has a 20 second time delay. If the pump starts and the circulation lines 
are dry, the pump starter circuit is interrupted after 20 seconds of no flow 
conditions. When the flow switch discontinues pump operation, a signal will 
be heard in the nurses station. Loss of pump prime can be traced to leaks 
in the piping or the failure of a foot valve in the tank. See the separate 
enclosed procedure for restoring pump prime. 

There is a procedure to be followed for returning the pumps to their 
normal operational mode after the flow switch has shut them down. After prime 
has been restored, turn the pump starter to the HAND mode and allow it to 
run for a few seconds. After circulation is established, rotate the H0A 
switch to the AUTO mode. The pump will now cycle automatically. 

The strainers on the pump suction lines should be removed and cleaned 
as part of the general maintenance procedures. 


Check all mechanical aaala on pumps for leaks where the circulation 
aystena ore off. Alac, cheek the motor and impeller abaft bearings by feel 
for overheating. An ammeter should be placed on the pump motor as a teat 
when the motor housing feels hot. Any abnormal noise from the pump indicates 
a potential problem. 

Please refer to the enclosed pump brochures for technical information. 


RESTORING PUMP PRIME 


The following procedure explains how to prime pump lines. There ere 
4 pumps that have their suction lines in the solar tank. They arc: 

1. Solar collector circulation. 

2. Solar water supply to the heat exchanger. 

3. Solar water supply to the 2 hydronic coils - 2 pumps. 


The 2 pumps for the hydronic coils operat . independently of coch 
other. However* they pull their water through a : ommon suction header that 
branches once it enters the mechanical room. In this arrangement there Is 
a single flow switch on the common suction header. If either of the pumps 
experience no flow conditions, the flow switch will discontinue the opera- 
tion of both of them. 

All three pump suction lines have foot valves at their termination 
point in the solar tank. Continuous less of prime could be traced to a 
faulty foot valve. Check the plumbing in the mechanical room for leaks 
when investigating the causes of loss of prime. 

When a flow switch discontinues pump operation* a signal in the nurses 
station will sound. The pump that has lost prime can be identified on the 
cover of the control box. If all pumps are in the automatic mode, then the 
running light for the appropriate pump will Indicate which. pump should have 
been running. The priming procedure begins as follows: 


To Solar 
Collectors 


BV-Ball valve 
HB -Hose bibb 


TYPICAL PUMP SCHEMATIC 



1. Attach the garden hose in the mechanical room to the cold water 
hose bibb. Pinch the end of hose by bending it and turn on the 
water. Allow some water to flow so as to remove any air from the 
garden hose. Close the hose bibb on the pump piping and attach 
the garden hose to the hose bibb. 
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2. Be sure choc BV 1 and BV 2 are shut. Next, open the valve on the 
,) hose bibb. After several seconds, dose the hose bibb valve. Next, 

open BV 2. The water behind BV 2 will fill the pump. At this point, 
the air In the pump and the suction line will migrate to the upper 
pert of the pump Impeller case. On the upper part of the impeller 
case there Is a hex nut. Back the nut away from the pump until 
there lo a steady stream of water. Tighten the nut and open BV 1. 
The pump should be primed and the piping from the foot valve to 
the discharge side of the pump should be free from air. 


111. STORAGE 

Th« storage for the systeta is a 3,000 gallon phenolic, epoxy lined tank. 

V The tank exterior Is sprayed with 4“ of polyurethane fonts and the foam Is 

sealed with 40 nils of butyl rubber. The appropriate fill level la approx- 
imately 8 ,, -12" from the bottom of the manhole. The level of the tank is moni- 
tored by an automatic level Indicator. If the tank level falls below a preset 
level, the switch will activate an audio alarm located in the nurses station. 

The tank will have to be manually filled if make up water is required. Drain- 
ing of the tank will be done by inserting a sump pump into the tank. 

The storage water has been treated with a IX solution of Sun Safe corro- 
sion inhibitor. The ph level of the storage should be checked at least twice 
a year. 

Located Inside the concrete manhole is an aquastat and sensing bulb. 

Care must be taken when removing the bolted manhole lid so as to not disturb 
the sensing bulb capillary tube. The aquastat ha3 u rain shield over it, but 
do not leave the vented manhole cover off for any extended period of time. 

Do not park any vehicles over the storage tank. Excessive loading will 
cause compaction of the polyurethane foam. 

IV. DOMESTIC HOT WATER SYSTEM 

The solar preheat domestic hot water system has 2 main components. One 
of these components is the Doucette double wall heat exchanger. It is sus- 
pended from the ceiling of the mechanical room and is encapsulated with 4" 
of polyurethane foam. The flow rates through the heat exchanger are as follows: 

Solar Side - 6 GPM 

Domestic Side - 13 GPM 

The design of this heat exchanger is such that if a wall failure occurs 
on cither the solar or potable side, the heat exchanger will drip at its vented 
end. If fluid is dripping from the heat exchanger, check all unions first. 

If the leaking dots not cease, then turn the 2 domestic hot water system pumps 
off and immediately close all valves that allow domestic water to enter and 
leave the preheat tank. There is a third valve that will be opened so that 

normal domestic hot water production can resume. Refer to drawing M-2 for 
correct valve identification when this procedure is necessary. 
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The domestic hoc water preheat tank la a 300 gallon galvanized tank. 

It la coated with 4" of polyurethane foam Insulation, if the preheat tank 
oust be drained, be certain that the floor drain is clear of all objects. 

Periodically, inspect the sensor located at the stub for inlet water 
to the heat exchanger. It should be firmly attached and insulated. 

V. HYDR0N1C COILS 

There arc two hydronlc coils that provide supplementary heat to the 
day room and to a zone that Includes offices and meeting rooms. Heat in 
the day room is circulated by a fan inside the Trane rooftop unit. The 
ocher zone has its heat circulated by a fan inside the York rooftop unit. 

The enclosed hydronlc coll sketch illustrates a detail that is applicable 
to both the York and Trane units. Both hydronlc colls are Acrofln type 
, * Cli* models. The coils are designed to circulate at 15 gallons per minute. 

Proper flow rates through the coils have been established by the engineer 
and contractor. 

Periodic maintenance procedures should include the inspection of the 
filters in the return air ducts of these two colls. Frequent filter re- 
placement will assure that the fan motor will not work at a static pressure 
in excess of its capacity. 

VI. ' CONTROLS 

The solar system controls arc explained in the enclosed control system 
narrative. A control sequence is also enclosed. Any verifications of sys- 
tem performance should be done as instructed in the enclosed descriptions. 

VII. GENERAL COMMENTS 

A check list of possible problem areas is enclosed. Please refer to 
this list as a method of determining the origination of a problem. 

The enclosed brochures will assist you in answering technical questions. 
If this instruction manual and its enclosures are insufficient in solving 
any problems with the solar system, contact the engineer immediately. 

Solar Collector Representative: 

Bryant Barnes 

Energy Systems, Inc. 
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David C. Wilson Neuropsychi atric Hospital 
Department of Maintenance and Housekeeping 

MAINTENANCE PROCEDURES FOR SOLAR SYSTEM 


The aolar hot water and heat system has SB aingle Sunworks "Solectors” 
solar collectors located on the roof. Also, there are five (5) pumps to the 
solar ayatem located in the mechanical room off the service entrance, a 3,000 
gallon storage tank located outside the service entrance in the ground, a Domestic 
hot we ter system located in the mechanical room and two Hydronic colls that pro- 
vide supplementary heat located in duct work in the ceiling. 

Preventative maintenance checks on the aolar ayatem will be done by David 
C. Wilson Hospital maintenance personnel and provide the following preventive 
maintenance checks on the equipment t 

1. Check aolar collectors for leaks or cracks. 

2. Check gate valves and circuits setters. 

3. Check solar collectors stubs. 

4. Check solar collector drain back system. 

5. Check solar system vaccum breakers. 

6. Check pumps for overheating and leaks, also check and clean all strainers 
on the pump suction lines. 

7. Check Domestic hot water system for sensor security, leaks, and Insulation. 

8. Check Hydronic heat coils in each unit. Clean each filter and exchange 
as needed. 

9. Check storage tank for proper water level, proper Ph level, and proper 
solution mixture of corrosion inhibitor if water is added. 

Upon completion of the monthly and biannual preventive maintenance checks, 
entry should be made in the preventive maintenance log book to show that this 
work has been done. 
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The symbol 



represents a month where the specified preventive maintenance checks 


are not required. When the required preventive maintenance checks are completed , 
the Director of Maintenance and Housekeeping should initial the open box above. 
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ACCEPTANCE TEST 



National Aeronautic* and 
Space Administration 

GaorgaC. Marshall 3paea Right Center 

Marshall Space Flight Center, Alabama 
35812 


IW^SA 


e«piy to Aim oi FA33 (80—92) 


March 18, 1980 


MEMORANDUM FOR RECORD 

FROM: FA33/Charles L, Greer 

SUBJECT: Solar System Operational Checkout at David Wilson 


Checkout of the subject solar system at the David Wilson 
Psychiatric Hospital at Charlottesville, Virginia, was 
conducted during the period of January 29 through February 1 , 
1980. In addition to verifying the solar system performance 
characteristics, the MSFC Team also used, for the first time 
as a site evaluation tool, an ultrasonic flowmeter recently 
purchased for the Site Equipment and Assessment Group. The 
new portable flowmeter worked extremely well. It is virtually 
indispensable in the checkout of a non instrumented site such 
as the Wilson Hospital. 

The operational checkout of the solar system was conducted 
using the Acceptance Test Plan furnished by Owens and Maxes 
(site consulting engineers) as a guide. Previous lolephonv' 
discussions had resulted in modifications to the controls 
test procedure originally submitted by Owens and Mayes. (Both 
submittals are attached.) 

On-s’te system e^alj sis discussions wiMi the Grantee repre- 
sentative and the consulting engineer were conducted to verify 
system operational statements made in the Acceptance Test Plan 
design, installation and checkout backup material. In addi- 
tion to the discussions, certain flow measurements, electrical 
data and temperatures were recorded to provide additional 
supporting evidence that the sy^'em was functionally acceptable. 
(Recorded information is attached to this Memorandum for Record.) 

General workmanship of the site solar system was good; however, 
some problems requiring corrective action and/or justification 
were noted in the solar collector plates, the solar collector 
internal tubi ng-to-hoador connections, fi • solar collector 
field piping insulation, the solar- to-dor.^si i c hot wm or heat 
exchanger predicted flow rate and the drain-down single failure 
point. The total list o c open items is at inched. 

A number of the solar collector plates were warped to such an 
extent that thox were touching the collector glazing. The 
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collectors were not leaking and none of the glazing had been 
damaged; however, for long term customer satisfaction, the 
items should be replaced or repaired by the manufacturer. 
Numerous internal collector-to-header connections had been 
over fluxed and/or not cleaned properly after soldering with 
the resultant potential of leaks occurring at the corrosion 
points. This is a warrantee item and the problem should be 
adjusted appropriately by the manufacturer. 

The insulation discrepancies were relatively minor consisting 
of uninsulated vent valves, some stub pines at the collector 
row ends not covered, split areas where the insulation glue 
joints had failed and exposed raw ends of insulation which 
should have been covered with appropriate paint or other 
sealant . 

The single failure point problem will be obviated to the extent 
practical by a periodic drain-down timing test to be covered in 
the maintenance requirements in the final report. The single 
point failure item within the installed piping of the solar 
collector loop was discovered during the acceptance test. The 
contractor installed, by design, a buried cross-feed connec- 
tion between the feeder and return piping to the collector 
array to insure drain down when the pumps ar > off. There is 
a valve in this line which is about one-half closed to prevent 
short circuiting of the collector fluid. If this valve should 
ever clog, the system will not drain. A method for testing the 
operation of the drain down was worked out during a system 
evaluation session. It was agreed that the periodic checkout 
measure would be included in the Final Report maintenance 
section. 

As the data indicates it was cold during the acceptance test- 
ing at Charlottesville with the complications of a 3-inch 
snowfall; however, the sun shown brightly and after the DOE 
test crew assisted the sun in removing the snow from the 
collectors, the system operated in the automatic mode. 

The food preparation personnel at the hospital were enthu- 
siastic about the solar hot water system. One individual 
stated that they had not run short of hot water since the 
solar system had become operational. 

The contractor and Grantee’s representative were cooperative 
in the conduction of the tests and the resulting dicussions 
concerning the corrective actions to closeout the open items. 


As of the date of this Memorandum For Record, the solar system 
at the David Wilson Hospital is considered acceptable to the 
Department of Energy since the open items list requirements 
have either been met, acceptable justification provided for 
existing conditions or effort initiated to obtain replacement 
and/or repair of items under warrantee. The warrantee items 
are presently functional but the difficulties represent poten- 
tial problems which should be rectified by the manufacturer. 

Oft 


Charles Greer 
Project Manager 

Commercial Demonstration Office 
Solar Energy Applications Projects 



4 Enclosures: 

1. Acceptance Tost Plan 

2. Modified Controls Tost Procedure 

3. Data Sheet 

4. Acceptance Test Summary 
cc : 

FAOl/Mr. Swearingen w/o end. 

FA3!/Mr. Brooksbank w/o end. 

FA33/Messrs. Myers, Brown, Toelle 

FA33/Record, Reading files 

FA33/ClGreer: jsn: 32054 

llowri tt.en : C Mlreer/MLMyers: jsn : 3/25/80 

Note: (Inserted 13 January 1981): 

Collector problems (Leakage and plate warpage) were corrected by 
the manufacturer to the satisfaction of the site owner in 
November 1980. 
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JOHN M. OWIN PM. 


0 WEST & MAYES 

CONSULTING ENGINEERS 


•0O3 A TIMNRUNI NO 
LYNCIIBt'RC, V A. S480B 
•04S3MM3 


Xmn. M. Mays* P.C. 


September 25, 1979 


Mr. Dan Henry, FA 33 
NASA - Solar Energy Group 
Marshall Spaca Flight Canter 
Huntsville, Alabama 3S812 


Dear Dan: 


Please find enclosed the Acceptance Test Plan for the 
David C. Wilson Hospital Solar Retrofit Project. I followed 
the format of a set of guidelines you gave us awhile back. 
t I hope it la in order and if you have any questions, please 

do not hesitate to call. Also, the project is proceeding 
I very well. I am optimistic that It will be ready for the 

upcoming heating season. 

i Sincerely, 

Owen & Mayes, Inc. 

Ernest W. Wilder 


EWWspt 


I 


Enclosures 

h 


cc: Bryan Lett 

David C. Wilson Hospital 
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ACCEPTANCE TEST PLAN 
DAVID C. WILSON HOSPITAL SOLAR RETROFIT 


1. CONTROLS TEST 

This test will deoonstrate the various control functions of the system 
in both the automatic and manual modes. The control systems to be tested 
are: 

1. Solar collector system 

2. Domestic hot water system 

3. Hydronlc coil for the Trane rooftop unit 

A. Hydronic coil for the York rooftop unit 

The solar collector system test will demonstrate that the collectors 
will fill and drain according to the specified degree range of the diff- 
erential controller. The test will be conducted on a - Lear day. A perma- 
nently moiinted thermometer on the solar collector circulation pump will be 
monitored. A similar temperature monitoring device will be located at the 
point where the solar collector differential controller sensor is located. 
When the system starts, the temperatures at the 2 points will be noted. A 
correct temperature differential for starting will be 6°F. A temperature 
monitoring device will be located in the lower part of the tank and at the 
approximate location of the other solar differential controller sensor. 

When the system stops, the tank temperature and solar collector temperature 
will be noted. The differential controller is adjustable across a 20 # F 
range, v;hich means that this controller has a 6°F on/off differential and 
can be adjusted to a naximuia on/off of 20°F on and 1A°.F off or to a mini- 
mum of 6°F on and 0°F off. The adjustment of the controller will depend 
on several considerations which will include temperature inside the tank 
and cycling time of the solar collectors. 

The domestic hot water system is controlled b> a differencial con- 
troller with the same adjustments as the solar controller. The tank sen- 
sor is at the top of solar storage and the other is at a stub located at 
the bas$ of the 300 gallon preheat tank. Both locations will be mounted 
for temperature when pumps on both sides of the heat exchanger start and 
stop. 


The hydronic coils supply heat to 2 heating zones inside the hospital. 
The coils will receive solar heated water when their respective therno- 
s t 3 c s call for first stage heat. A sequence of operation is enclosed for 
the hydronic coils beneath the York and Trane units. The tests for proper 
operation will be conducted during the heating season. The two-stage heat- 
ing thermostat for the York unlL will be sequenced manually to assure that 
the electrical heating elements in the rooftop unit energize when the room 
temperature cannot be maintained by the solar hydronic coil. This is ac- 
complished by moving the thermostat to a temperature in excess of the 
sired room temperature. » 


t* 


2. PRESSURE KLF. VALVES 

The system has one pressure relief valve that is located on top of the 
domestic water storage tank. After filling and pressurization, the relief 
valve will be opened by hand. A properly operating pressure relief valve 
will allow water and air to pass through its venting orifice. 

3. LEAK TEST 

As part of the construction procedures, all fluid handling lines will be 
pressure tested prior to their filling. The lines will be plugged and pres- 
surized at lH times their design working pressure but not less than 100 
psi. After n period of A hours the pressure gauges will be checked for any 
losses in pressure. 

4. WATER TREATMENT 

The solar system storage water will have an anti-fungal and antl-bacterl- 
al chemical added to it at the time of the acceptance test plan. The additive 
will be a IX solution of Drew Card 100 or an accepted equal. The Ph level 
of the storage will be checked for neutrality. 

5. BACKFLOW PREVENTION 

A reduced pressure principle backflow preventer is required at the cold 
water line that services the solar system. The procedure for testing the 
device is outlined in detail in the enclosed manufacturer's brochure. The 
Watts brochure describes how their metering device measures pressure in the 
three zones of the backflow preventer. 

6. DRAINING AND FILLING SYSTEM 

The freeze testing procedure for the solar collectors is an integral 
part of the control test noted in Section 1. The thermistor at the solar 
collectors senses the return water temperature and allows the differential 
controller to compare this temperature with the temperature at storage. If 
the collector surface temperature is less than storage, the differential 
controller will not circular the system. Collector system freeze-up is 
prevented by this control system. 

The initial filling of the system will begin with the storage tank. 

The tank will be filled to level just below the manhole. The circulation 
pumps are mounted at a level above the storage tank and will have to have 
their discharge lines opened and filled. Foot valves at the end of the 
suction lines will allow the water to remain in the pipes. At this point, 
the circulation pumps will be primed and ready to turn on. After the pumps 
have circulated, vents at certain locations in the system will be observed 
to assure that all air has been purged from the circulation systems. The 
level of the solar storage tank will be monitored while all circulation 
systems are running. A verification of the location of the low level de- 
vice will be made at this time. 

The draining procedure for the various parts of the system begins with 
the isolation of the system components. The 300 gallon preheat tank requires 
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Che closing of 3 gate valvea and Che opening of Che drain cock aC lCe base. 
The vacer will drain Co Che floor drain In Che mechanical room. 

The encloaed sketch deplcCa how Che hydronlc colle will be drained. 

The coll can be isolated with gate valves and Che drain opened at Che low 
point of the coll. 

Bach solar collector row can be Isolated wlch a gate valve. The col- 
lectors will be in the drain down mode when It becomes necessary to replace 
a collector. 

When the solar storage tank has to be drained, a sump pump will be 
lowered through the manhole and the storage water will be pumped to the 
nearest storm drain. 

7. TEMPERATURE MEASUREMENT 

Temperature measurement la accomplished with permanently mounted gauges 
and thermistors at the remote points. These are located at the Inlet and 
outlet of the heat exchanger and hydronlc colls, and at upper and lower lo- 
cations In the domestic water storage tnak. The solar collectors will have 
remote thermistors for flow balancing. 

8. PUMP PRESSURE HEAD 

Adequate pump pressure head Is determined by the readings of the pres- 
sure gauges on each side of each pump. The pressure gauge will be monitored 
when the system Is balanced for proper flow and temperature differentials. 

9. COLLECTOR FLOW 

The correct flow through the solar collectors will be established 
through the use of the Bell & Gossett Circuit Setters and the measurements 
of the temperature differential across the collector rows. The circuit 
setter can be monitored with the manufacturer's meter. It will Indicate 
a differential pressure which can be recalculated to determine the flow 
rate In the pipe. 

10. COLLECTOR FLOW PRESSURE DROP 

Collector flow pressure drop will be tested by the use of a pressure 
gauge on the discharge side of the circulation pump and a pressure gauge on 
the main return leaving the solar collectors. 

11. SYSTEM OPERATION IN ALL MODES 

The demonstration of the entire system in all modes of operation Is re- 
lated to the testing of the control functions in Section 1. 

12. PUMPS AND FANS 

The various fans and pumps will be monitored with an amperage meter. 
This will verify whether the specified equipment is performing within the 
design conditions. The amperage loads will be checked against the manufac- 
turer's specifications. The test procedure for the pumps Is as follows: 
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A. Pimp Data 


1. 

Pump designation 


2. 

Mfgr. & model 


3. 

Size 


4. 

Type drive 


5. 

Motor H.P. , volts. 

cycles, phase & F.L. amps 

Design Conditions 


1. 

GPM 


2. 

Head 


3. 

RPM 


4. 

BHP 


Field Tests 


1. 

Discharge pressure 

(full flow and no flow) 

2. 

Suction pressure (full flow and no flow) 

3. 

Operating head 


4. 

No load amps 


5. 

Full flow amps 


6. 

No flow amps 


7. 

Calculated BHP 



The demonstration procedure for the hydronic coils and fans will 
follow .the following outline: 

A. Hydronic coil 

1. Coll designation (Trane unit or York unit) 

2. Size and type 

3. Face velocity, FPM 

4. Entering and leaving water temperature, deg. F. 

3. Entering and leaving air temperature, deg. F. 

6. Pressure drop, feet of water 

7. Pressure drop, air, in. WG 

In order to assure proper air distribution in the ducts, the fol- 
lowing procedural outline will be used for the Trane and York units. 

A. Fan name plate data 

1 . Unit designation 

2. Manufacturer and model 

3. Size 

4. Motor, horsepower, volts, phase, cycles, full load amps 

B. Design conditions 

1. CFM 

2. Static pressure. Inches of water 

3. CFM outside air at minimum outside air 

4. Inlet, outlet and outdoor air, dry and wet bulb temperatures, 
degrees F. 
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C. Field test results 


1. CR1 

2. Suction and discharge static pressure, inches of water 

3. Fan RPM 

4. Fan motor operating amps 


13. VERIFICATION OF HEAT COLLECTION PERFORMANCE 

The verification of heat collection performance will begin with the 
monitoring of a hellopyranometer. The heliopyranometer will be located 
at the collector site and will be checked every 15 minutes. At every peri- 
od of monitoring, the inlet and outlet temperature of the solar collectors 
will be noted. The test will be conducted during a clear day and while 
the system is under load conditions. 

When the data Is gathered, the hellopyranometer readings and the col- 
lector inlet/outlet tecperatures will be combined to determine a collector 
performance curve. The curve will be compared with the collector manu- 
facturer's curve. The solar collector performance formula ti~t a will 


be used to ascertain performance data. 

14. VERIFICATION OF EQUIPMENT INSTALLATION 

Throughout the process of construction, there have been regular visits 
by the engineer to verify that construction has proceeded as specified. 


CONTROL SEQUENCE FOR YORK UNIT 


1. Room thermostat calls 2or heat - room temperature less than 70°F - 1st 
stage heat activated. 

2. 1st stags heat energizes existing fan relay and pump motor relay which 
starts fan and pump simultaneously. 

3. If solar storage tank temperature is 90* F or greater, aquastat contacts to 
pump motor close. 

4. Fan circulates return air through Aerofin hydronic coil - pump circulating 
water from solar storage tank. 

5. If room temperature falls below 68°F, electric heater is activated. Electric 
heater is a 32 KW, 8 step unit. The number of steps activated is dependent 
upon return air temperature. (See enclosed original drawing schematic) . 

New 2-stage heating & cooling thermostat interfaces hydronic coil operation 
with existing roof-top unit. 


> . 

CONTROL SEQUENCE FOR TRANE UNIT 

1. Room thermostat calls for heat - room temperature less than 70*F - single stage 
heat thermostat activated. 

R R "• * 

2. Realy 1 closes, pump relay contacts 1. 

3. If solar storage tank temperature is 90°F or greater, aquastat contacts to 
pump motor close. Pump circulates solar storage tank water. 

R R 

4. When pump is running relay 2 closes relay contacts 2 to fan starter. 

Fan circulates return air through Aerofin hydronic coil. 

5. New heating and cooling thermostat allows A.C. unit evapora-or fan to 
function for heating and cooling. Separate existing room heat 
thermostat controls operation of existing hydronic wall fin tube units. 

These units will be active when room temperature falls to 6S°F. 


NOTE : Both control systems have HOA switches and running time meters with 

running lights. 
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Backflow Preventer Test Kit 

Operating & Field Test Procedure 
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The Watts Model No. TK-9 Backflow Preventer Test Kit 
is a compact portable testing device especially made for 
testing all Reduced Pressure Principle Backflow Preven- 
tion Oevices. The TK-9 is easily connected to any RPZ 
device enabling accurate testing of "zone” differential 
pressure, relief valve opening differential, fouled check 
valves or similar problems that visual inspections cannot 
locate. The unit is encased in a rugged carrying case 
tor easy handling and accessibility. 
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SPECIFICATIONS ■ . 

» Maximum working pressure - 500 psi. 

• Maximum working temperature — 2I0*F. 

• Gauge — 0-15 psid with 12% accuracy, full seal*. 

• Hoses — (3) 3* with */«" female threaded couplers. 

• Adapters - (3) Vi" threaded adapters 

(3) ’/a" bushings 
(3) /«" bushings 

• 1 — 16" securing strap. 

• 1 ~ Moisture resistant instruction guide. 

• Case — shock resistant molded plastic with special 
diced foam insert that enables multiple compartment 
combinations for tools, accessories or similar items. 
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Wednesday, January 30, I960 
Solar taken about 10:00 a.m. 

Insolation between 9 a.m. and 5 p.m. was 

425 BTU/sq. ft. total 

NOTE: System did operate automatically 

from 1:45 to 1:57, outside temp. 32°. 

System required about 15 minutes to drain 

down. 


P-1 (Heat exchanger to preheat tank) 8.24 GPM (4.9 at 120v-rates 4.9 amps 
P-2 (Solar to heat exchanger) 8.5 GPM (4.5 amps at 120v-rates 4.9 amps 


Heating coil pumps P4-P5 (simutaneously) common inlet 12.9-13. 12 GPM 

P-4 - Flow: 13.87-14.09 GPM 7.4 amps run (rating 6. 8-8. 4) 

27 amp start 

P-5 - Flow: 13.84-14.15 GPM 6.7 amps run (rating 6. 8-8. 4) 

27 amp start 

After snow was removed from collectors on Thursday, January 31, 1980, the 
system came on automatically at 10:55 a.m. 
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Friday, February 1, 1980 
Automatic operation 
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Operational Checkout of Solar System Installed at David C. Wilson Neuro- 
psychiatric Hospital Charlottesville, Virginia was completed on January 
31 , 1980 . 

Test Participants: 

Bryan Lett - Hospital Administration 

John Owens Owens and Mayes 

Ernest Wilder Consulting Engineers 

Will Davies Solar Engineer 


Department of Energy (MSFC): 

Ron Toelle 
W. T. Powers 
Joe Brown 
Charles Greer 
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rllLClUON ELECTRONIC FROPUCTt » CUSTOM ELECTRONIC DEMON « ELECTRONIC! MANUFACTURING « CONSULTING 

•OX IM41. UNIVERSITY STATION 
• Rout* k. Box 256 
GAINESVILLE, FLORIDA 32601 
(•04) 372.600* 

DONALD F. DtKOLD, NiiHmf 
RS, BSEE, MB 
Maims: IEEE 


INSTRUCTIONS FOR USE 
OP DIFFERENTIAL 
ADJUSTMENT CONTROL 


The Differential Adjustment Control lo • small component centrally located on the 
circuit hoard of the TC-J Comparator. A slotted heod plsatic screw on this control 
pereite easy acred river adjustment of the Airn-on and Airn-off Differentials in 
the unit. (8ee attached inatruetione for meaning of "Ttirn-on” and "Turn-off* 
differentials.) Acceae to the control la gained by removal of the cover of the TC-3. 

Mien the control la varied from atop to stop in a clockwise direction, the lUro-or 
Differential varies from 0 Fahrenheit degrees to 20 Fahrenheit degrees (pluo). 

The Airn-off Differential always stays e relatively constant 3 Frhier.hr it degrees 
lever tn**n the *i\irn-on Differential. Thus, as the Ivrn-on DifTr.rrr.ttel it varied 
from 0° to 20 , the 7\jrn-off Differential varies from -5 U to 15°. 

Upon shipment the Differential Adjustment Control has been been factory adjusted 
to provide the standard differentials of 10 turn-on ond 3° turn-off. Thin set- 
ting nay be repeated in the field by alllgnlng the long avis of the anrevd river 
olot towards the email white dot on the control. The screw is r.eoresl its coat 
counter-clockwise stop when properly lined up on the- cal ibrr.tlon nark. 

The differential# will not remain constant ae operating temperatures monitored 
by the comparator sensors vary. However the coount of variation in differentials 
it email. The differentials cited above ere for the case when the reference 
sensor (storage sensor) is at a nominal tenpernture of 125°F* As the reference 
censor temperature drope to 100°F, the magnitude of the differentials (both 
turn-on end turn-off) decreoee by about 10JJ for the eoroe setting of the Differ- 
ential Adjustment Control. Ae the reference sensor teoperature rises to 170 6 P 
the magnitude of the differentials increase# by about 10£. 
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instructions 

MODEL TC-3 

TEMPERATURE COMPARATOR 


«J(0-LAIS Model TC-3 Tnpintun Cotipinter Controller lo i differential thermostat | 

nded for gentrol tolar ^eating applications. Whan one of the two aeneora provided with f 

unit rises nominally 10 P above the other 0 senAor, a power oontrol relay la energised. 

, when the first sensor drops to within 3 P of the sgccnd sensor, the control relay contacts 
opened. At long as the "turn-on differential" of 10 P la exceeded, the control relay 
Ins energised holding ltd power contacts closed} however, when the temperature dlfferer.ee 
td la 3 W P or less, the relay contacts open. (The 3°P value 1s designated as the "turn-off 

ercntlal"*) The first sensor lo called the COLLECTOR censor sines when properly Installed 

onltors temperature of water in a solar collector. The second sensor Is ealled the STORAGE 
or since it konltors temperature of a storage medium sueh as a rock bln or hot water tank. 

1FICAT10KS (standard model with no options) 

AT1H0 VOLTAGE - 103 to 123 vac, 60 Herts. 

P.0L RELAY CONTACT RATINO - l/3rd H.P. inductive load. 

-ON DIFFERENTIAL -10°F (±1°F) for Storage Sensor at 133..F. 

..OFF D1FFERNTXAL - 5°P rel°F) for Storage Sensor ot 133°F. 

OR MATCHING ACCURACY - 1®F or less at 133 F. 

MUM SENSOR TEMPERATURE - 300°P.. 

-UP 4 CHECK-OUT 

♦ the controller in try position nr any location which ir. convenient, but which le 
•r.rtd fren the elements. Aesthetics end e«c>wsy A runni.y, p« c» lea*., .ihouJi diets If 
•cation, sines there is no restriction on length of leads to the renters. Corrections 
.e circuit terminal strip inside the controller enclosure should be nude eceo^idn,- to Ire 
titration below. ALL CONNECTIONS SHOULD BE MADE IK ACCORDANCE WITH LOCAL LLL.Cia7.CAL CONES. 

terminals of the barrier strip inside the controller arc eolor.-ecded and additions Uy ere 
•red on the bottca side of the printed circuit board. 


The COLLECTOR SENSOR la connected to the RED (1) end BLACK (?) ter-ir.nls. 
The STORAGE SENSOR is connected to the GREEN (3) and BLACK (?) terminals. 
Route 117 vac into the SLUE (4) and WHITE (3) terminals. 

Tne load la connected to the- BLUE (4) and YELLOW (6) terminal!). 

The metal case of the controller should be grounded for safety. 


the RED-BLACK tcrrlnsls shorted, the control relay should be energized end contacts closed, 
the GREEN-BLACK terminals shorted, the control relay should be de-energized and contacts ope: 


.up wire to the sensors nay be a light guoge wire such as doorbell wire, preferably a twisted 
. Avoid running sensor hook-up wire parallel to power lines. Use hook-up wire which has 
uer resistant ’insulation and make good splice connections. 
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DAVID C. WILSON HOSPITAL SOUR RETROFIT 


DIFFERENTIAL CONTROLLER SPECIFICATIONS 


Honufacturlnt t 

Dako-Labe 

Mr* Don Dekold 

Routt 4 Box 256 

Caines villa. Florida 52601 

Phono: (904) 372-6009 

Ordorlna Soocl float lonot 

2 TC-3 Dlffarontlal Control loro 
No Encloouro for ooch 
5 Precision Sonoor Palro 
On-Off Light for ooch 

7* P Internal temperature differential adjustable over e 20“ P degree 
range - cuetoa differentials for each 

Use 16 AWG sensor wire, twisted poire in a shielded cable for all sensor 
connections# Cable used should be Bolden or an approved equal. The 3 pair 
of precision sensors are located as follower 

1. Domestic hot water 300 gal. tank. One sensor at union located 
at base of tank. This is the suction line to the pump for the 
heat exchanger. Mount the sensor In a heat transfer mastic 
such as "Chemex" or "Thannon" or an approved equal. Mount 
sensor as close to tank exterior as possible. When Insulating 
pipe, insulate directly over sensor. (See enclosed sketch). 

2. The other 2 precision pairs will be mounted on the solar col- 
lectors. One psir will be operational. The other sensor will 
be mounted but the leads will be left bare in the control box 
for future connection in the event the primary sensor fails. 

(See enclosed sketch). 

All pump motor starters will have HOA switches. The pumps to the 
hydronlc colls will have running time meters end on/off lights in the con- 
trol box. 


APPENDIX A 

MANUFACTURE'S LITERATURE 


internal manifold 
" Solector® 


i 
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FIGURE 1 



ORIGINAL PAGE IS 
•ip POOR QUALITY 


The 3'x 7‘ liquid cooled Solector solar energy collector, with 
Intemal manifolding end side, sideiback or sidwend connections 
allows for a multi pane) array to be coupled in parallel or parallel 
series before reluming to the main supply or return branch. This 
results In fewer field connections and fewer piping accessories 
while retaining a high installed net to gross ratio, approximately 
88 percent. The Intemal manifold liquid cooled Solector Is avail- 
ablewithconnectionlocationsihat allow side-by-side mounting for 
parallel flow or endtoend mounting for series flow. This Solector 
configuration responds to the specific design requirements of 
solar collector arrays for commercial, Industrial, and Institutional 
budding types by maximizing the amount of collectors able to be 
placed onto the structure while minimizing the installed cost. 

FEATURES AND CONSTRUCTION: 

Cover. Single glazing: (o-iron (A.SG), % in. (.32 cm) tempered, 
edges swiped Double glazing: lo-iron (A.SG), 2 * inch (.32 cm) 
tempered, with weep holes. Total transmissivity: Single glazing, 
891%; Double glazing. 79.3%. (A.SG. H* or f<«* no iron also 
available.) 

Absorber Container Sides, aluminum extrusion; rear aluminum 
sheet .032 inches ( 058 cm) thickness, pop rivet in place. 

Air Space Between Cover and Absorber Approximately */« to 1 
inch depending upon glazing type. 

Gasketing Material: EPDM “IT gasket for glazing, closed cell 
elastomer, compressible high temperature silicone seal for ab- 
sorber sheet. 

Weatherproofing: This module can be placed out in the weather 
without need for further weatherproofing. 

Finish on Aluminum Sides of Container Sto 'lard mill finish, 
anodized clear or baked black enamel (available at e • ra cost). 
Dimensionsof Surface-Mounted Modufv: Outside dimensions 
overall: 35 Vt inches (90.2 cm) wide x 84 inches (213 4 cm) long x 
4 inches (10.2 cm) thick (add 1 v« inch each end for optional 
continuous mounting bracket). Effective absorber area » 1850 
ft* (1.72m 1 ). Ratio of usable absorber area to total installed sur- 
face covered = 088. Glass area (aperture) = 18.86ft* (1.75m 1 ). 
Absorber. Copper sheet: 0010 inches thick (.025 cm) (7 
ounces). Selective black: minimum absorptivity. 85/92; max- 
imum emissivity, .15/35. Manufactured by Enthone. Incorpo- 
rated; guaranteed durable to 400 *F (305 *C). (Black chrome, absorp- 
tivity, .94 emissivity .12 also available ) Copper tubes: 5* O D , 4 
inches (10 2 cm) on center, L-lype copper. Tube pattern: grid. Bond 
between tube and sheet: high temperature solder, 270* wrap. 
Manifolds: 1 inch type M copper. Tube connections to manifold: 
brazing alloy. Connection to external piping: 1 inch type M copper 
tube. Manifold/tubes pressure tested before leaving factory to 15 
atm; recommended 125 psig (8.5 atm) working pressure. 
Insulation Behind Absorber .5 in. (1.25 cm) thick glass fiber 
(compressed) over 1.0 inch (2.5 cm) tnick foil-faced isocyanu- 
rate.R = 100, (glass fiber, 1 2 Ibs/ft* density). 

Method of Anchoring: Keyway integral to collector frame con- 
tinuous along perimeter of irz-.ie designed to accept "L” or M U" 
clips with predrilled 5 'diameter hole for bolt mounting to roof or 
frame. Optional 1% inch (3.2 cm) mounting leg integral with top 
and bottom of frame; four 5* ( 95 cm) diameter holes prednlled. 
Capability of through bolt anywhere along its length. 

Weight Fer Module: 123 pounds (558 kg), filled; 120 pounds 
(54.4 kg), empty (standard 3' x 7' unit). Add 27 pounds (12.2 kg) 
for double glazed unit. The liquid in the solector is equal to 0 48 
gallons (1.82 liters). 

Recommended Flow Rate Through Collector 28 Ibs/ft'/fr (1 
gpm)( 063 l/sec) per collector. 

Collector Coolant: Coolant should be Sunsol 60, made by Sun- 
works or equivalent. In areas where regular tap water is used as a 
coolant, it is important that the pH be controlled between 65 
and 8, and the Ca. Mg. count should be below 50 ppm. 

Warranty: Five year material workmanship warranty on all parts 
effective Irom date of installation Soe your local Sunworks rep- 
resentative lor further details. 
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INSTALLATION INSTRUCTIONS 


MOUNTING 

Internal Manifold Solector R (Models B, C, D, F, G) 
Mount the first collector of the group on the 
support structure provided. The anchor bolts 
. should be isolated from the aluminum mounting 
leg on . the Solector*’ unless they are stainless 
steel. A phenolic washer or a washer wrapped 
with teflon tape will keep the bolt head off 
the mounting leg. Wrapping the shaft of the 
bolt head close .to the head with 4 or 5 turns 
of teflon tape will also provide protection. 
Alternatively, a short sleeve of neoprene 
tubing may be slid over the lag bolt to isolate 
if from the mounting flange. It is important 
that the first collector be accurately placed. 

Note the weep holes located in the groove of 
the extrusion are at the bottom and the decal 
arrow on the glass cover points upward. If 
optional "U" and "L" clips are used see Figs. 

1,2 and 3. If standard mounting legs are used 
see Fig. 4. 

A chalk line or temporarily attachment of a 
"two by" horizontally will help align succeeding 
collectors. Adjust absorber plate assembly so 
that swedge connections protrude equally from 
sides of Solector R . solder supply line to the 
first collector. Use 95/5 tin antimony solder 
at all collector connections; 50/50 solder can 
be used elsewhere. Insert connector nipples 
supplied by Sunworks into swedges of the first 
collector. Using a (1) one inch block as a 
spacing gage mount the balance of the array 
inserting the connector nipples in the same manner 
as the first collector. DO NOT SOLDER the connecting 
nipples until the entire Slde-to-Side group is 
mounted. Use 95/5 tin antimony solder for connections 
between collectors. 

Drain Down Solectors R (Models A,E) 

Mount the first collector on the support structure 
provided. The spacing between collectors should 
be at least (1/4") one quarter inch to allow 
for expansion of the aluminum frame. Mount 
entire array before soldering connections. 
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PLUMBING/P IPING 

The piping in the entire system should be copper; 
type in accordance with local plumbing codes. 

Use 95/5 tin antimony solder at the Solector R 
connections. All other connections may be 
50/50 solder. Supply and return piping should 
slope to facilitate air venting and gravity 
draining. Flush the system thoroughly with 
water. 

HYDRAULIC TESTING 

After thoroughly flushing the system, fill the 
loop with water. The closed loop should be 
raised to 60 psi with a high pressure transfer 
pump. In drain down systems, use pressure 
available through supply main. If city water 
pressure exceeds 125 psi, a pressure reducing 
valve should be installed. Use either reducing 
valves that allow reverse flow of water or an 
expansion tank capable of withstanding city 
water pressure. The system should hold pressure 
for; at least (1) one hour. Inspect for leaks if 
pressure drops during this period. If the outdoor 
temperature is below freezing when the pressure 
test is conducted, a non-freezing fluid (permanent 
solution) should be used in close lo6p systems. 

The following procedure should be used to pressure 
test open loope (drain down) systems in' freezing . 
conditions: 1) Isolate outdoor piping by closing 

appropriate valves. 2) Fill outdoor piping with 
a non-freezing solution and pressurize to 60 psi. 
3) Hold for one hour. 4) Drain outdoor piping . 
and flush thoroughly with water. After successful 
completion of the pressure test, a transfer ppmp 
can be used to force the permanent solution into 
the cibsed loop system. The system should be 
pressurized to twenty-to- thirty (20-30) psi. Do 
not overpressurize. Check functions of all valves 
Connect drain lines as required by local codes. 


COLLECTOR PIPING CONFIGURATIONS 


A standard collector array use* an. external pipe 
which must be insulated and is usually piped for 
Reverse/Return flow (Fig. 2-6). Sunworks internal 
header collectors (Fig. 2-7) are joined together 
with nipples provided by Sunworks which automatically 
pipes the header in reverse/return parallel flow. 
Normally six collectors are the maximum that would 
be connected together in a bank in order to maintain 
system balance. ("Then more than six collectors 
are connected in one bank performance begins to fall 
off and pressure drop begins to increase. Balancing 
of flow through each collector is also effected with 
connection of more than six. More than six collectors 
should not be connected in parallel through internal 
headers without consulting Guntforks' engineering 
Department. 
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Fig. 2*6 Standard Collector Array 


Fig. 2 >7 Sunworka Internal Header Array 


For larger arrays it is sometimes expedient to 
connect banks of collectors in series. . For a 
standard collector array this would still require 
insulated pipe headers and may require extensive 
spacing between banks (Fig. 2-8) . The use of 
Sunworks internal header collectors with optional 
outlet connections allow a neater arrangement without 
extensive external headering (Fig. 2-9) . 





Fig. 2-10 illustrates a method of grouping large 
arrays into dose clusters on a pitched roof. 

Use of Sunworks internal header collectors with 
optional outlet locations allow the 36 collectors 
shown to be piped into two groups of three banks 
each in series. Large arrays piped in this . 
manner have the disadvantage of slight loss in 
collector efficiency due to higher collector 
temperatures caused by series operation; but, 
have the advantage of using a lower system flow 
rate resulting in smaller pumps and lowered pumping 
energy use. 

Since the number of collectors in parallel are the 
only ones taken into account when figuring Flow 
Rate, the array shown in Fig. 2-10 would have 
a flow of 12 times the recommended Flow Rate per 
collector 1/2 to 1 GPM collector; in other words, 

6 to 12 GPM for the entire array. 


REPLACEMENT. REPAIR ft OPERATING RESTRICTIONS 


IMPORTANT NOTE S 

Solar collectors become very hot when exposed 
to sunlight while not operating I 
If at all possible it is advisable to do any 
work required when collectors are relatively 
cool. Whenever this is not possible, precaustions 
should be taken (such as wearing gloves) to aviod 
skin contact with any part of the collector. 


RETLACXWQ A SOLECTOR MODULE ! 

t 

• i 

t 

1) Collectors at the ends of an array can be easily removed. 

2) Removal from the other locations can be acconpllshed as follows: 

a) Assume Solector "B" Is to be removed. See Fig. 1. 



Figure 1 


b) Accurately measure the distance between the s wedges. ("X ,r equals 
the length #f the exposed connecting nipple). See Fig. 2. 

Measure 'X' to the nearest 





Figure 2 


c) Clean 4-2" pieces of 1" type M Copper Tubing with emery cloth. 
Place a mark with tube cutter 1/4" In from the end of the tube. 
See Fig. 3. 

TDia.Typc'M' Tubing 
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d) Cut the connecting male couplings In the middle with a thin hack 
saw blade. Avoid Damage to the Swedges . 

e) Remove collector "9" from the array. 

f) Remove stubs from collectors "A”, "B" and "C" and any solder 
remaining in the s wedges. Emery cloth or wire brush is helpful. 

g) Apply flux to all swedges. 

h) Cut the 4 pieces of Type M tubing 1/2" longer than the measurement 
"X". The 1/4" bench marie is included in the overall dimension 
(1/2" plus "X"). 

1) Insert the four (4) male coupling nipples into the swedges of 
collector "B" until they stop. See Fig. 4. 



Figure 4 


Examole: Assume "X" = 1/4" 

Add 1/2" 

Nipple lg. « 3/4 ,r 

Nipple shown in stopped position. 


j ) Carefully place collector "B" into position. Note there is only 1/8" 
gap between end of header swedge and edge of nipple. See Fig. 4. 

k) Align swedge of adjacertt collector with coupling nipple arid slide nipple 
into swedge until bench mark is in alignment with edge of swedge. 

See Fig. 5. 



Bench Mark 
x 7=1 

i 

i 

_ L 



• 

I 

I 

I 





Figure 5 
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l) Use needle nose pliers or similar tool to move connector nipple 
Into position. 

m) Repeat for all other connections. 

n) Solder connections with 95/5 tin antimony. 

o) Check for leaks by pressurizing system. 


i 


A generous quantity of flux paste on the connecting nipple and in the swedges 
will permit the nipple to slide into position easily. A channel-lock plier 
may be used instead of needle point pliers. j 

I 
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REPAIR OP SOIZCTOR MODULES \ 

- t 

i 


The only repair that should normally be attempted In the 
field is replacement of broken glazlng(s). Replacement must be 
with pre-cut tempered glass supplied by Sunworks. Do Not 
attempt to use standard window glass or any other substitute with- 
out express approval by Sunworks. Replacement is accomplished by 
simple removal of 16 screws that hold down the glazing cap. 

After removal of the four pieces of glazing cap, all 
pieces of broken glass can be removed. Particular care 

should be taken to avoid damage to the absorber surface. Since 
an exposed absorber surface becomes hot enough in sunlight to 
cause serious burns, exercise extreme care. 

Remove all pieces of broken glass from the glazing gasket 
and re-install the gasket chi the new glass. After this Is done, 
the new glass can be laid in place. Ensure that the glass is 
evenly In position and the gasket Is not twisted or pinched. Re- 
move all silicone sealant from the mitered edges of the 4 glazing 
cap sections and apply new sealant to each edge. The glazing 
caps can then be screwed back into place. 
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OPERATING RESTRICTIONS 1 


Sunworks Solectors R are made from the best materials 
available for maximum longevity under most operating 
condition* • Since there are no moving parts , the 
only restrictions and/or precautions necessary are 
those which would normally be observed for the respec- 
tive materials. Such restrictions would include: 

1. Ph of fluid should be maintained in the range of 
6.5 to 8 and hardness at a maximum of 500 ppm TDS. 

2. In areas where the collectors may be exposed to 
aggressive atmospheric conditions, thought should 
be given to special protective coatings for the 
aluminum enclosure. 

3. Sunworks Solectors R are factory tested to 250 psig 
As such maximum working pressure is 125 psig and 
should not be exceeded. 
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HEAT TRANSFER DIVISION 


VENTED DOUBLE WALL 
SOLAR HEAT EXCHANGERS 



doucette industries, inc. 

INNOVATORS OF THIS VENTED DOUBLE WALL" 
P 0 Box 1641. York. PA 17405 • 717-845-8746 





SOLAR HEAT EXCHANGERS 


The Doucette Industries' clearable solar hear ex- 
changer with the vented double wall represents the 
ultimate combination of contamination protection 
and heat transfer capability. The vented double wall 
(patent applied for) is recognized by U.L. for potable 
water and gives the ultimate promotion for both the 
water side and the solar system. Any leak— anywhere 
in the heat exchanger — will leak to the outside and 
will not cross-contaminate. Simply by removing sev- 
eral bolts, the low-fouling heat transfer surface may 


be cleaned with a wire brush, eliminating the need for 
acids and chemicals. The solar fluid and water circuits 
are designed to balance thermal capacitance rates to 
insure maximum surface utilization and limit pressure 
drops. All copper tube construction insures corrosion 
resistance and long operating life. On larger systems, 
several devices are manifolded in parallel to control 
fluid velocity, giving unlimited design flexibility. This 
modular feature permits a wide range of applications 
without extended inventories. 


Performance Specifications 


Collector 









Rise— "F^F 

0.05 

0.11 

025 

0 43 

067 

10 

1.5 

2 33 

Water 


Solar 









Flo* 


Flow 



HRAT EXCHANGER EFFECTIVENESS 



Rate 


Rate 

0.95 

0.90 

0 60 

070 

0.60 

0,50 

040 

0 30 

(spm) 


(flpm) 




MODEL NUMBER CS- 




1 


1 

Z-8 

Z-7 

Z-6 

z 3 

Z-3 5 

Z-2 5 

Z-2 

Z-1.5 



2 

2-1 1 

Z-10 

Z-0 

Z-6 

Z-4 5 

Z-3 5 

Z 2.5 

Z-2 

3 5 


3 

Z-10 

Z-14 

Z-11 

Z-8 

Z-6 

Z-4 5 

Z-3 5 

Z-25 



4 

Z 23 

Z 18 

Z-13 

Z-10 

Z-7 

Z-5 

Z-3 5 

Z-25 


8 

5 

Z-3 0 

Z-25 

Z-18 

Z-12 

Z-9 

Z-6 

Z-4 

Z-3 

.. _ 

.£* 

O 

6 

• Z-36M18 

Z-28M14 

Z-22M11 

Z-16M8 

Z-12M6 

Z-10M5 

Z-8M4 

Z-6M3 

13 

& 

6 

Z-46M23 

Z-36M10 

Z-26M13 

Z-20M10 

Z-14M7 

Z-10M5 

Z-8M4 

Z-6M3 


<n 

10 

Z-60M30 

Z50M25 

Z-36M18 

Z-24M12 

Z-18M9 

Z-12M6 

Z-8M4 

Z-6M3 

195 


15 

Z-90M30 

Z-75M25 

Z-54M10 

Z-36M12 

Z-27M9 

Z-18M6 

Z-12M4 

Z-9M3 

.? 6 J 


20 

Z-120M30 

Z-100M25 

Z-72M18 

Z-40M12 

Z-36M9 

Z-24M6 

Z-16M4 

Z-12M3 

3? 5 


25 

Z-150M30 

Z-125M25 

Z-90M18 

Z-60M12 

Z-45M9 

Z-30M6 

Z-20M4 

Z-15M3 




Z-11 

Z-9 

Z-7 

Z-6 

Z -4 5 

Z-3. 5 

Z 25 

Z-1.5 

65 


• 2 

Z-23 

Z-20 

Z-13 

Z-9 

Z-7 

Z 5 

Z-3. 5 

Z-25 



3 

• 

• 

Z-25 

Z-15 

Z-10 

Z-7 

Z -4 5 

Z-3.5 



3 

ZZ-23 

ZZ-19 

ZZ-14 

ZZ 11 

ZZ-8 

ZZ-6 

ZZ-4 

ZZ-3 

10 fl 


4 

ZZ-35 

ZZ-27 

ZZ-19 

ZZ-13 

ZZ-10 

ZZ-7 

ZZ 5 

ZZ-35 



5 

• 

ZZ-41 

ZZ-25 

22-17 

ZZ-12 

ZZ-8 

ZZ-6 

ZZ-4 


$ 

6 

• 

• 

ZZ-35 

^22-22 h 

ZZ-14 

ZZ-10 

ZZ-7 

ZZ-4 

i 

$ 

6 

r ZZ-70M35 

~ZZ 54M27 

ZZ-38M19 

ZZ-26M13 

ZZ-20M10 

ZZ-14M7 

I ZZ-10M5 

ZZ-8M4 

255 ! 

! 

10 

* 

ZZ-82M41 

ZZ-50M25 

ZZ-34M17 

ZZ-24M12 

ZZ-16M8 

ZZ-12M6 

ZZ-8M4 

I 

1 


12 

• 

• 

ZZ-70M35 

ZZ-44M22 

ZZ-28M14 

ZZ-24M12 

ZZ-14M7 

ZZ-8M4 

38.3 


i 15 

| 

ZZ-123M41 

ZZ-75M25 

ZZ-51M17 

ZZ-36M12 

_ZZ-24M8 

ZZ-18M6 

ZZ-12M4 

L.51_Ii 


20 

• 

ZZ-164M41 

ZZ-100M25 

ZZ-68M17 

_ZZ:48M12_ 

ZZ-32M8 

| ZZ-24M6 

ZZ-16M4 

r 63 4 


t 

25 

• 

ZZ-205M41 

ZZ-125M25 

ZZ-85M17 

ZZ-60M1 2 j 

ZZ-40M8 ~ 

p ZZ-30M6 

ZZ-20M4 

' " "! 


1 

X-3 

X-2. 5 

X-2 

X-1.5 1 

X-1.5 

x-1 ! 

[ X-0.75 

X-0.5 



2 

X-5 I 

j X-4 

X-3 

X-2 5 

X-2 

X-1 5 

1 X-1 0 

X-0.75 

J 1 


3 

X-6 1 

X-5 

X-4 

X-3 

X-2 5 

X-2 

1 X-1.5 

X-1 



4_ 

X-9 

X-7 

X-5 1 

X-4 

X-3 

X-2 

! X-1 5 

X-1 

i 1 


5 

Y-11 

Y-10 

Py-7 1 

Y-6 

Y-4 

Y-3 

Y-2 

Y-1.5 

j 

a a 


6 

Y-14 

Y-12 

Y-9 

Y-7 

Y-5 

Y-3. 5 

Y-2 5 

Y-1.5 

t O | 

§ 

I 7 

Y-18 

Y-14 

Y-10 

Y-8 

Y-6 

Y-4 

Y-3 

Y-2 

1 \ 

o 

1 8 

Y-23 

Y-18 

Y-12 

Y-9 : 

_Y-6 

Y-4. 5 

Y-3 5 

Y-2. 5 

i 

co ' 

10 

Y-22M11 

Y-20M10 

! Y-14M7 

Y-12M6 . 1 

Y-8M4 

Y-6M3 

Y-4M2 

Y-4M2 

l 95 


1 12 

Y-28M14 

Y-24M12 

Y-10M9 

1 Y-14M7 

Y-10M5- 

Y-8M4 

Y-6M3 

Y-4M2 

j 


16 

Y-46M23 

Y-36M18 

Y-24M12 

Y-10M9 

Y-12M6 

Y-10M5 

Y-0M4 

Y-6M3 

i 143 


24 

Y-69M23 

Y-54M18 

Y-36M12 1 

Y-27M9 

Y-18M6 

Y-15M5 

Y-12M4 

Y-9M3 

f 19 


32 

Y-92M23 

| Y-72M18 

Y-48M12 

Y-36M9 

Y-24M6 

| Y-20M5 

Y-16M4 

Y-12M3 

! 24 ' 


40 

Y-115M23 

Y-90M16 

Y-6PM12 _J 

Y-45M9 1 Y-30M6 

"_Y-25 M 5 

j Y-20M4 

Y-15M3 


’ Consult Factory 
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Selection of Models 


Su'fac i* 

ilH'rl 


Model Identification 
Number nf Tubes 


iota! Lmeal Feet 
Heat Transfer Surface 


isq tu 


* 

4 


b 


8 


HI 

0 n 


IS 0 5 2 

ill 

CSX-0 5 4 







b 75 


CS 0 76 2 

(2i 

i ‘ ■ U 76 4 


(D 

CSX 0 ? 6-b 





1 0 


CS-1 0-2 

131 

CS 1 0 4 


(2) 

CS 1 0-6 


(1) 

CSX 1 0 8 



1 •) 


CS t 5 2 

CS 1 5-4 


(4) 

CS 1 5-6 


(3) 

CS-1 5 8 


(21 

CS-1 5-10 

2 0 


CS 2 0 2 

CS-2 0 4 


CS 2 0-6 


(3) 

CS-2 0-8 


(3) 

CS-2 0-10 

? s 


CS 2 6-2 

CS 2 6 4 


CS-2 5 6 


CS-2 6-8 


(3) 

CS-2 5-10 

4 


CS 3 0 2 

CS 30 4 


CS-3 0-6 


CS-3 0 8 


(41 

CS 3 0 10 

A 6 


C S 3 5 2 

CS 3 5 4 


CS-3 5-6 


CP-3 S B 


CS 3 5-10 

4 0 


CS-4 0 ? 

CS-4 0 4 


CS 4 0-6 


CS 4 0-8 


CS-4 0 10 

4 5 


CS 4 8 2 

CS 4 5 4 


CS-4 5 6 


CS-4 5 0 


CS 4 5-10 

50 


CS 6 0 ? 

CS 5 0 4 


CS 5 0-6 


CS 5 0-8 


CS-5 0 10 

b 


(5) 

US b 2 

t S 6-4 


cS-6-6 


CS-6-8 


CS 6 10 



(6) 

CS 7 2 

CS- -7 4 


CS-7-6 


CS 7 8 


CS-7 10 

8 


(7) 

CS 8 2 

CS 8 4 


CS-8-6 


CS-8-8 


CS-8-10 

9 


(7) 

CS 9 2 

CS-9-4 


C5-9-6 


CS-9-8 


CC-9-10 

10 


(7) 

CS 10 2 

CS- 1 0-4 


CS- 10 0 


CS 1 0-8 


CS 10-10 

1 1 


(8) 

CS 11-2 

(5) 

CS 1 1-4 


CS-1 1 6 


CS-1 1 0 


CS-1 M0 

12 



(5) 

CS 12 4 


CS-12 6 


CS 12-8 


CS-12 1 0 

13 



(6) 

CS 13-4 


CS- 13-6 


CS 13 8 


CS 13-10 

14 



(6) 

CS- 14 4 


CS 14 6 


CS- 14-8 


CS- 14-10 

15 



(6) 

CS 15-4 


CS-1 5-6 


CS-15 8 


CS 15-10 

16 



(7) 

CS 164 


15) 

CS-16-6 


CS-16-0 


CS-16-10 

17 



(7) 

CS-1 7-4 


(5) 

CS-1 7-6 


CS- 1 7 8 


CS-1 7-10 

18 



(7) 

CS 18-4 


(5) 

CS-1 8-6 


CS- 18-8 


CS-18-10 

19 



(7) 

CS-1 9-4 


(5) 

CS-1 9 6 


CS-19-8 


CS- 19-10 

20 



(7) 

CS-20-4 


(6) 

CS-20-6 


CS-20 8 


CS-20- 10 

25 





(7) 

CS-2 5-0 


(5) 

CS-25-8 


CS 25-10 

30 





(7) 

CS-30-6 


(6) 

CS-3C-8 


(5) 

CS-30-10 

35 



- 


(8) 

CS-35-6 


<7) 

CS-35 8 


(51 

CS-35- 10 

40 





— 


(7) 

CS-40-8 


(71 

CS-40-10 

45 






_ 


(8) 

CS-45-8 

■ -4 

(7) 

CS-45-10 

50 



— 


— 


— 

♦ - 

(7) 

CS-50-10 

55 





— 


— 


(8) 

CS 55-10 




C Dimension imches) 





CSX 


6*0 

9' -i 


12*8 


15’* 


1 8 3 b 

CSX 


6 5 b 

9 1 7 


12H 


15 1 2 


184-8 

CSZ 


6 S H 

9' ? 


12*t 


15’ 2 


18 3 8 

cszz 


7’b 

11*8 


16’b 


20* e 


25 ' 0 

csw 


9 j h 

1 5 3 B 


21 3 h 


27H 


33 j b 


A Dimension (inches) 

Divide total effective lenqth in lineal 
feet by number of tubes then add 


FOUTOUT frame 


A- 17 




CLEANABLE 

SOLAR HEAT EXCHANGERS 
with the 

VENTED DOUBLE WALL 

■ HIGH PERFORMANCE 

■ LONG OPERATING LIFE 

■ ALL COPPER CONSTRUCTION 

■ MAXIMUM COST EFFECTIVENESS 


Doucette Cleanable Solar Heat Exchangers feature 
the vented double wall to preclude the possibility of 
solar fluid potable water cross contamination, and the 
cleanable all copper construction assures long life with 
continued high performance The CSX, CSY, CSZ and 
CSZZ model heat exchangers are designed to control 
fluid velocities on both sides to insure maximum heat 
transfer in true counterflow, and improved collector 
efficiency. Nc other line of heat exchangers offers such 
a broad selection to meet specific design criteria, from 
small domestic hot water systems to large industrial 
or commercial systems 

The selection of the proper heat exchanger for a spe- 
cific application is relatively easy, if the desired mini- 
mum operating conditions are well defined The critical 
factor m sizing the heat exchanger to a given applica- 
tion is the collector rise factor. CRF, defined as the ratio 
of the temperature rise across the collector to the differ- 
ence between the temperature of the solar fluid leaving 
and the water temperature entering the heat exchanger 
in units of F* F. The CRF defines the operating tem- 
perature of the collector for any given water entering 
temperature, and therefore determines the operating 
efficiency of the collector. The CRF should be held as 
low as possible within economic limits to insure max- 
imum performance from the collector 
The minimum operating conditions define the CRF and 
the required heat exchanger effectiveness The number 
and kind of collector defines the solar fluid as its vol- 
ume flow rate. From the Table on the reverse side, it 
is possible to pick a specific heat exchanger model 
and it requires water recirculation rate. Interpolation to 
other conditions and other models is possible for esti- 
mation purposes. 


MODEL 


CRF 


EXAMPLE 



t, 

T, 

T, 


120 F 
T 3 10 F 

T ? 23 F 

10 F 
r F 


043 


FOJ.DOUT r RAME 


CRF 

Effectiveness Required 


T, 

t7 


T; 

T, 


0.70 





4 6 3| 

GPM 


PRES i 


To read curves: 


1. Select unit model from the chart. 

2. Lineal feet from curve No. 1. 

3. Add equivalent feet from curve No. 2 o| 


DISTRIBUTED BY 


4 



1. LENGTH OF SURFACE TUBE 



# TUBES 


TUBE PASSES 


TJ 

GO 


4. WATER SIDE 5. SOLAR SIDE 



2 4 6 8 10 12 2 4 6 8 10 12 

GPM GPM 

PRESSURE DROP PSI PER 100 FEET 


To read curves: 

1. Select unit model from the chart 

2. Lineal feet from curve No. 1. 

3. Add equivalent feet from curve No. 2 or No. 3. 


4. Curves No. 4 and 5 are pressure drop in PSI 
per 100 feet. 

5. If pressure drop is excessive, additional sec- 
tions can be added but with a consequent reduc- 
tion in effectiveness. 
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TYPE 


|iruV|NTUK DRAIN 


m ium* 

0 

/ 


TABLE 1 - 12, IS, 18 


IllUl 


TABLE 7 


tube 

< 


Fact 

t tow 

7 tow 

17 

rv 

r V 

13 

rv 

T*V 

16 

r V 


71 | 

l"V 

j rv 

74 

rv 

1 V 


TABLE No. 3 nuuser of water circuits and passe 


NUMBER OF WATER CIRCUITS 


AEROF I N 
C I R C U I T 
DES IGNAT ION 


INFJUai 


i ? i 5 I i e I 21 


mat 


TABLE No. 4 — Face Area (Square Feet) 


7-6 
0.36 
2.93 
5.49 

e.oejis. 


MljfiTA rfJI*/ 


FACE AREAS MAV RE EXTRAPOLATED FOR SPECIAL 27 AND 30 TUBE FACE ANO NOMINAL 
TUBE LENGTHS UP TO ANO INCLUDING 12*0 IN 6 INCREMENTS 


m 






















TABLE Ho. 5 Volume of Air (CFM) To Be .Passed Through Coil Type "CH" 


Overall 1 - * 

WUtli | 

Faee 

Vela city 

10* 

»•* 


NOMINAL TUSI 
16* j 4'0* 

UNGTH 

r«v 

SO* 

96 

•'O' 

1 

300 

7*0 

440 

1700 

1410 1 

1670 

1430 

7040 

3730 

7460 

1 

4Q3 

1040 

1370 

1600 

uao 

7140 

7440 

3770 

3000 

3740 


900 

1300 

1490 

7000 

7390 

7700 

3030 

3400 

3730 

41 uO 

aoMa* ta 

400 

1940 

1410 

7400 

7470 

3740 

3660 

4040 

4300 

4970 

' 

700 

liao 

7310 

7400 

3790 

3740 

4770 

4760 

3790 

3740 

1 

•00 

;o«o 

7440 

3700 

3760 

4370 

4440 ; 

3440 

6000 

6960 


300 

| 440 

1730 

1900 

1770 

7040 

; 7310 

7940 

7470 

3090 


400 

| 1)70 

1440 

7000 

7360 ’ 

7770 

3040 

3440 

3760 

4170 


300 

1630 

7050 

7300 

7990 

3400 

3430 

4300 

4700 

3190 

74'/.* (is J 

400 

j 14§0 

7460 

3000 

3340 

4040 

4670 

3160 

3640 

6140 

; 

700 

7310 

7470 

3500 

4130 

4760 

3390 

6070 

6940 

7710 

1 

1 too 

7640 

3310 

4000 

473U 

3440 

6160 

6480 

7370 

4740 




300 

1700 

1300 

1430 

7130 

7460 

3760 

3090 

3390 

3770 



400 

1600 

7000 

7440 

7440 

3740 

3640 

4170 

4370 

4960 


.. 

300 

7000 

7300 

3050 

3530 

4100 

4600 

5150 

5650 

6700 

*• 

600 

j 7400 

3000 

3660 

4360 

4970 

9530 

6180 

6740 

7440 



700 

1 3400 

3300 

4770 

4970 

5740 

6440 

7310 

7410 

•640 



400 

; 3700 

4000 

4480 

3680 

6560 

7360 

8740 

9040 

9920 



300 

1340 

1710 

7130 

7490 

7450 

3740 

3600 

3960 

4370 



400 

1440 

73 VO 

7440 

3370 

3400 

4370 

4100 

5740 

3760 


31 

300 

7300 

7900 

3350 

4150 

4730 

5400 

6000 

6600 

7200 

33 ’/« * 

600 

3760 

3440 

4760 

4940 

3700 

6480 

7700 

7970 

•640 



700 

3770 

4060 

4970 

5410 

6630 

7560 

•400 

9740 

10040 



•00 

3640 

4640 

3680 

6640 

7600 

4640 

9600 

10560 

11520 



300 

1390 

7010 

7430 

7430 

3770 

3690 

4110 

4530 

4950 



400 

7170 

7640 

3740 

3400 

4360 

4970 

5480 

6040 

6600 

37JV 

74 

900 

7630 

3330 

4030 

4750 

5450 

6150 

6850 

7550 

4750 

600 

1140 

4070 

4760 

5700 

6540 

7340 

8270 

9060 

9900 



700 

3710 

4690 

5670 

6650 

7630 

7610 

9590 

10570 

11550 



400 

4740 

3360 

6480 

7600 

• 720 

9840 

10960 

17080 

13200 


Overall 

Casing 

Width 

Tube 

Pace 

Face 

Velocity 

6 6* 

7'0~ 

NOMINAL TUB! LENGTH 
76’ 40" 4*6” 9 0" 

9 6 

10 0" 



300 

2670 

7910 

3120 

3330 

3540 

3750 

3960 

4170 



400 

3560 

3880 

4160 

4440 

4770 

5000 

5780 

5560 



300 

4450 

4850 

5200 

5550 

5900 

6250 

6600 

6950 

20*/S* 

17 

600 

5340 

3870 

6240 

6660 

7080 

7500 

7920 

8340 



700 

6730 

6790 

7280 

7770 

•760 

•750 

9740 

9730 



400 

7120 

7760 

9360 

4880 

9440 

10000 

10560 

11170 



300 

3360 

3630 

3900 

4140 

4410 


4950 

5190 



400 

4480 

4840 

5300 

5530 

5880 

6340 

6600 

6970 



. 500 

5600 

6050 

6500 

6°00 

7350 

7800 

8250 

8650 

24 7a " 

15 

j 600 

6770 

7760 

7800 

8780 

8730 

9360 

9900 

10380 



f 700 

7440 

4470 

9100 

9660 

10290 

10920 

11550 

12110 

! 


| 400 

•960 

9640 

10400 

11040 

1 1760 

12480 

13200 

13840 


, 

300 

4070 

4350 

4650 

4980 

5310 

5610 

5910 

6740 

1 

400 

5360 

5400 

6700 

6640 

7080 

7480 

7480 

4370 

14 

500 

| 6700 

7730 

7750 

8300 

8450 

9350 

9450 

10400 

600 

•040 

47 90 

9300 

996U 

10620 

11220 

11470 

17480 

1 

700 

9340 

10150 

10450 

11620 

12390 

13090 

13790 

14560 


400 

10720 

11600 

12400 

13780 

14160 

14960 

15760 

16640 


300 

| 4710 

5070 

5430 

5820 

6180 

6540 

6900 

7290 


400 

! 6780 

6760 

7740 

7760 

4240 

8720 

9200 

9720 

1 ii 

500 

7450 

4450 

9050 

9700 

10300 

10900 

11500 

12150 

600 

9420 

10140 

10860 

11640 

12360 

13080 

13800 

14580 


700 

10990 

11430 

12670 

13580 

14420 

15760 

16100 

17010 


•00 

12360 

13520 

14480 

15520 

16480 

17440 

14400 

| 19440 


300 

5370 

5790 

6210 

6630 

7050 

7*70 

7490 

| 4310 


400 

7160 

77 20 

8280 

8840 

9400 

>960 

10520 

11040 

24 

500 

4950 

9650 

10350 

11050 

11750 

17450 

13150 

13850 

600 

10740 

11580 

12470 

13260 

14100 

14940 

15780 

16670 


700 

17530 

13310 

14490 

15470 

16450 

17430 

14410 

19390 


1 400 

14320 

13440 

16560 

17680 

14800 

19920 

71040 

77160 
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Models 3642 & 3656 

Close-Coupled Centrifugal Pumps 


* \'V ' 

\ J > $1 4 rfj 

f Mod >1 3G5T" ’;• • • ’ ‘ "* 

1 r K.'r :»L.. v. 1 C i 5 HP iroto*. 

I 1 H a 2-6 and 2Vi * 3-T available wild 7.5, 10 4J5 HP motor 

6 »'K*4fc wA .• ». tuMs m* • .uJ 

f ** " fi i*"" «•' '?**?/?*■* - - r-c 

Specifications 

Cj»ng Volute tyre. bolted to adapter with recessed 
, v f t to ,i‘sufe alignment. Top vcrtral discharge is 

djirri assembly Tapped open.ng piov.des for pnrning, 

» >nr • n ij, d'ainmg and suction and discharge connec- 
t . w s Vertically split casing allows inspection without 
1 st u. binj piping connections. 

!r\ic:'or Lnclcsed sing’e suction type cast in o e 
piHi. e Mode! 3642 irrpet’ors a; 9 threaded on e/ttnded 
r.v/or *hatt, further secured by stainless steel jvnm! 
P/cdel oG56 impellers are Keyed to motor shaft, secured 
> by stainless steel impeller screw. 

Ma;.t«r Maintains rigid assembly between casing and 
r . tc ^nd bracket Model 3642 mounting f t et are intr y * I 
v. 'h .idi.ter M kM 3 -Vo m..lor$ a»e foot counted a^J 
i tc ” supports pu r*p unit. 

Rotai on All pumps are right hand i e . clockwise rcta 
ton v owed from motor. 


Designed for fieneral Purpose 
Pumping, Water, Process 
end Transfer 

■ CapactliM to 390 QPM (09 mVh) 

■ Head* *o 275 feet (64 m) 

■ Temperature* to 250*F (121 "C) 

■ Pressure* to 120 PSIG (828 kPa) 


Design Features 

Close-Coupled Construction 

Eight Position casing (Four on 3650) 

Compact Oesign 

Simple Installation 

Quiet Operation 

Mechanical Seal 

Single Stage, Enclosed Impellri 


ORIGINAL PAGE US 
OF POOR QUALITY 


■ ppnr><*r*M*i 
% . « 

' ' . 

% " .7 V 


Mechanical Seal Suitable f or water to 21 2° F and hydro- . 
carbons 

Motor Assembled as an integral part of unit. Alt motors i 
nsve ball bearings. ,> • a 

Model 3642 moto r o have NEMA standard end brackets and f 
shaft extension Shaft is 416 stainless steel. Single p k 
open motors have built in overload protection Open, 
enclosed and explosion proof motor enclcsves a.ailable 

Model 3G56 motors have NEMA standard e id brackets. , ,*j 
sandard JM shaft extension and feet Shaft extension it 
carbon steel, fully protecied by a shaft sleeve 
Available in open, enclosed and explosion proof on- ^ 
clotures through 15 HP, single and th»oe pha r e 

Materials of Construction Model 36-2 j it 5 j>e 
a»a*!able in bronze fitted, all iron, cr ai 1 fc»: ze 




[C 210 A 



350D 


Parts List and Materials of Construction 


(Not Required) 


16-9 Stainless Steel 


16-8 Stainless Steel 


18-8 Stainless Steel 


(Not Required) 


16-8 Stainless Steel 


(Not Required] 


(Not Required) 


Asbestos 


(Not Required) 


Zmc Chr. Plated Ste ell 11 02 


1000 -Cast Iron ASTM A48 Class 25 

r/Tt 1 A 1 1 


Mem 

No. 

Part Name 

100 

Casing 

101 

Impeller 

103 

Casing Wearing Ring 

106 

Adapter 

1?3 

Deflector 

126 

Shaft Sleeve 

178 

Impeller Ke^ 

166 

Impeller Bolt 

169 

Impeller Washer 

304 

Impeller Nut 

351 

Casing Gasket 

3560 

" Ppe PlugJVk*) 

mum 

H Cap Screw 

371 

H Cap Screw, Adapter to Motor 

363 

Mechanical Seal 

406 

Pipe Plug — 

513 

O ring — V6" 


Code 

Specification 

■EkOl 

Cast Iron (No ASTM Coda) 

Bron/a — ASTM BS84-4A CA 836 
















Performance Curves Models 3642 & 3656 

I 
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Dimensions 


pump 

sia 


UNIT 

NO. 


APPROXIMATE DIMENSIONS IN INCHES 
NOT TO BE USIO EON INSTALLATION 

c 


6016 


60-17 




— : 


E3! 






jt 




SI? 




it 


»T 


n 
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Selection Chart 


B&G Series 60 
Centrifugal Pumps 

drome fitted construction - equipped with 1760 RPM, 60 cycle, 
drip-proof motors end companion flanges 60-116. 13S. 13T.14S. 
14T eiso avail# bte m all brome construction Add •’’to umt num- 
ber whon ordering 6 uitt to-order units are available when condi- 
tions cannot Je met by stock pump selections 


CAPACJTT M III CAU0MI Pit WftUTt 


Add **S" to pump number when ordering single phase pumps. 
Add **T" to pump numbir whon ordering throo phase pumps. 


STAN0AR0 VOLTAGES 
V* HP. 1 PM. 115 Volts 
Vi to IV* HP. 1 PM. 115/230 Volts 
Vi. to MP 3 PM. 206 230/460 Volts 
1 to 2 HP. 206 or 230/460 Volts 
All smgle phase motors have 
built m overload protection 


514 


316 
















McDONNELL No. FS4-3F and No. FS4-3F-20 WATER FLOW INDICATORS 




yrl • Mailmum working 

I la ^Kwn, 1NH- 

• Fact «d Shipping 

I I wolg,*.. 4 lbs. 


No. FS4-3F Watarflow Indicator 







4 3F 20 Watarflow Indicator Includes 
olid state 20-second time delay. 


Underwriters' Laboratories Listed 
lor Sorvlco on Distribution or Branch Piping 
of Firo Sprinkler Systems 

These McDonnell Watarflow Indicators provide an economical and 
positive way of detecting the flow of water in any distribution or 
branch piping of a fire sprinkler system Connected electrically to 
various types of alarm or signal devices, they immediately indicate 
esaetty where any sprinkler head or heads are open. 

This Qi'^ck detection and notification pinpoints the location of the 
ii.-?. speeds up the ability to extinguish the tire, assists in sate evac- 
uation of the premises, and minimites the amount of water damage. 

The No. FS4-3F and No. FS4-3F-20 have the same design, con- 
struction and operation, eacept the No. FS4-3F-20 includes a solid 
state time delay. This provides a factory-fired 2P-»»cond delay on 
make to prevent false alarms which might be cau: t ' by brief move- 
ments of water due to variations in system pressure, temporary 
surges or water hammer. Time delay is 100% encapsulated, mounts 
directly on switch housing Input— 115 volt A C . Output -1 ampere 
RMS steady state maaimum. 20 mitliamperes minimum. 

Note Many sprinkler systems a'so emp'oy the use ot a large primary Water. 
flow Indicator equipped with a time reta'd mechanism msta ad where 
the ma>n water supply It connected to the sprinkler system The No FS4-3F 
la not Intended tor this pumote The No FS4-3F it used only in the distribu- 
tion ot bianch systems (somal.mes referred to as ''padia' systems"). 

SWITCH 7.4 Amps 1 1 5 Volts A C. 

El ECTRtCAL RATINGS 3 7 Amps 230 Volts A C. 

(Underwriters listed) 0 3 Amps 6 125 Volts D C. 

Flow Rates Required to Actuate Watarflow Indicators 


Pipe Sira 

Flow Required (CPM) 
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C *ntion Details No. FS4-3F Flow Switch 
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Easy Wiring - Cover com- 
pletely removable No 
cramped quarters, no dan- 
ger of ktrked wire* inter- 
fering wth operation. 

Two Knockout* - Connect 
conduit at either sde of 
hojstng. 

Switch - tingle pole, 
double throw Compact in 
Size. Powerful snip action 
assures dependable oper- 
ation. 
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MJ 



Knife-Edged Bearings of hardened 

sta.n'css steel minim z» fr«ct on. 

Packless - Heavy duty mere! sylphon 
sea's switch assembly frem line. 
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INSTALLATION DATA 

No. FS4-3F and NO.FS4-3F-20 WATERFLOW INDICATORS 



INSTALLATION: 

Adjust the Waterflow Indicator paddle to the size of pipe in which it is 
to be used. 


If a reducing tee is not available, and a standard tee is used, install a 
face or hex bushing in top opening to keep Waterflow Indicator as 
close to pipe as possible. 


If the Waterflow Indicator is connected to the pipe by a welding fitting, 
select a welding fitting of minimum length, such as a HALF COUPLING 
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USE HALE COUPLING 


J 


now 
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Screw the Waterflow Indicator in position so that 
the paddle is at right angles to the flow, and the 
arrow mark on side is same as direction of flow. 


ELECTRICAL 



Place space washer (furnished) on threaded stem 
before attaching through knockout opc' ng v.ilh 
locknut (furnished) There is no polar, ty involved, 
cither lead wire* from time delay may be con* 
nected to electrical circuit 


FLOW FLOW 

OPENS CLOSES 

CIRCUIT CIRCUIT COMMON 
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Schematic of Flow Switch Operation 
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TYPICAL WIRING 



line 


HOT 


To booster Pump or 
Tc Zoned Transmitter 




1. To actuate water sprinkler booster pump 
Or zoned transmitter. 



2. To wire time delay of No. FS4-3F-20 into 
circus? controlling alarm, signal or pump. 
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McDonnell & miller 3"T!E 
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Note : 


APPENDIX B 
DESIGN DRAWINGS 


Drawings are best available. Some of the drawings 
show the 2 stage heat pump which was never installed. 
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David C Wilson Ncupopsvcmiatnic Hospital 
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SOLAR HEATING SYSTEM — RETROFIT 
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David C. Wilson Niup ^psychiatric Hospital 
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David C. Wilson Neuropsychiatric Hospital 
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SOLAR HEATING SYSTEM -RETROFIT 
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